Abstract. Recent revisions to the reinforcement sensitivity theory (RST) of personality have highlighted the distinction between the emotions of fear and anxiety. These revisions have substantial implications for self-report measurement; in particular, they raise the question of whether separate traits of fear and anxiety exist and, if so, their interrelationship. To address this question, the current study used confirmatory factor analytic procedures to examine the convergent and discriminant validity of measures of trait anxiety, fear, and the behavioral inhibition system (BIS). We also examined measurement and structural invariance across gender in 167 males and 173 females who completed the Spielberger State-Trait Anxiety Inventory (STAI), the Carver and White BIS Scale, and the Fear Survey Schedule (FSS). The findings suggested that trait anxiety and the BIS scale are relatively distinct from Tissue Damage Fear (FSS). Further, the final model showed measurement and structural invariance across gender. The implications of the results for future selfreport assessment in RST research are discussed.
Empirical evidence concerning the structure of negative emotion in human personality is mixed: Anxiety often appears to be distinct from fear in clinical populations (e.g., Geer, 1965; Wolpe & Lang, 1977) , whereas studies in the wider population (especially those that entail factor analyses of responses to general personality questionnaires; Caseras, Ávila, & Torrubia, 2003) usually indicate that negative emotions form a single dimension of personality (often labeled neuroticism; Eysenck, 1967; or negative affectivity; Watson, Wiese, Vaidya, & Tellegen, 1999) . Gray and McNaughton (2000) bridged the clinical-general divide on this topic by proposing that anxiety (manifested as risk assessment and behavioral inhibition) is elicited by threats that need to be approached, whereas fear (manifested as flight if an escape route is available) is elicited by threats that need not be approached. Anxiety and fear, thus, represent distinct emotional and motivational states in terms of how they relate to defensive behavior. The implications of these revisions to the broader model of personality, now known as reinforcement sensitivity theory (RST; Corr, 2004; McNaughton & Corr, 2004) , are yet to be fully explored; how the anxiety and fear states in the revised RST model relate to personality traits is an open question (Corr & McNaughton, 2007) . The aim of the current study was to use confirmatory factor analysis (CFA) to examine the convergent and discriminant validity of measures of anxiety, fear, and the behavioral inhibition system (BIS) used in RST research, and to use multiple-group CFA to examine measurement and structural invariance across gender.
Measuring RST Constructs
RST represents the outcome of more than 30 years of research by Jeffrey Gray and colleagues on the causal basis of personality (Corr, 2004; Gray, 1970; Pickering et al., 1997) . One key aspect of this earlier work was the elucidation of a personality construct known as punishment sensitivity, based on a BIS. The BIS was originally theorized to mediate sensitivity to conditioned signals of punishment and frustrative nonreward. On the basis that Gray (1970) initially aligned punishment sensitivity with trait anxiety, many early RST studies simply used existing self-report measures of trait anxiety as proxy measures of BIS sensitivity. An example of one such measure would be the Spielberger STAI (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983 ). More recently, however, purpose-built RST measures have been designed and utilized. The BIS scale from the Carver and White (1994) BIS/BAS Scales and the sensitivity to punishment scale from the sensitivity to punishment and sensitivity to reward questionnaire (Torrubia, Ávila, Molto, & Caseras, 2001 ) are two such measures now widely used. These measures, however, are only fully applicable in the context of the original RST. In the revisedprocesses that are now presumed to have different causal bases. Very few studies have considered the revised RST, let alone the implications the revisions may have for psychometric assessment.
Exploratory factor analyses of RST-related measures show that BIS-related measures tend to load on one factor (Caseras et al., 2003; Zelenski & Larsen, 1999) . This is in contrast to behavioral approach system (BAS) measures, which tend to load across two or three separate factors. These findings would suggest that BIS-related measures tend to share substantial variance. Indeed, previous studies have shown that BIS measures do intercorrelate reasonably highly (Carver & White, 1994; Caseras et al., 2003; . It should be noted, however, that these previous studies have not included measures of fear. Although a number of well-established questionnaire measures of fear exist, they tend to have been developed for the specific purpose of measuring change in fear responses to phobic stimuli during treatment rather than measuring personality per se. These questionnaires, therefore, typically consist of a list of potential fear-inducing stimuli (e.g., spiders) that are rated according to how much fear they elicit from the respondent. One example of this type of fear questionnaire is the Fear Survey Schedule (FSS; Wolpe & Lang, 1964) . A number of versions of the FSS have been developed and there have been several factor analytic studies of this measure (Arrindell et al., 2003; Arrindell et al., 1987) . The two most robust of the factors extracted across a range of studies have been labeled as bodily injury/tissue damage fear and social/interpersonal fear (Arrindell, 1980) . The content of the FSS is sufficiently different from that of most well-known personality questionnaires (which typically ask general questions such as "are you a worrier?") that it could be argued that the FSS and other fear questionnaires might not represent Gray and McNaughton's (2000) view of fear as a general personality construct caused by threat sensitivity.
This particular issue has been addressed in two recent studies (Perkins & Corr, 2006; Perkins, Kemp, & Corr, 2007) . Perkins et al. (2007) examined whether fear questionnaire scores relate meaningfully to performance in a military examination of tactical judgment in combat scenarios. In a sample of 101 officer cadets, they found that total scores on the FSS were significantly and negatively associated with tactical judgment performance and captured variance in performance that was not shared with anxiety (and nor with any of the other major personality constructs measured, including neuroticism). When examining subscales of the FSS, it was found that scores on tissue damage fear related negatively to performance in combat scenarios, while scores on other fear subscales (e.g., animal fear and social fear) turned out to show no significant relationship to performance. Perkins and Corr (2006) examined how a number of RST-related personality measures related to measures of defensive direction (e.g., approach vs, avoidance of threat) and defensive intensity (e.g., strength of defensive reaction) derived from a set of human defensive scenarios that were modeled on typical rodent defensive reactions. The results showed that the total fear score from the FSS positively correlated with defensive direction away from a source of threat (e.g., avoidance); the BIS scale also positively correlated with defensive direction away from a source of threat. The bivariate relationship between the STAI and defensive direction was not significant, but the STAI did significantly predict approach to threat in a multiple regression model. Overall, the findings suggest that FSS scores are tapping a personality construct of fearfulness in a face-valid manner, and that this construct approximates fairly well to Gray and McNaughton's (2000) conceptualization of fear as sensitivity to threat.
The Current Study
It is important that the implications of the revisions of the RST for self-report assessment are considered. Accordingly, our first aim was to examine the convergent and discriminant validity of the FSS tissue damage fear and social fear scales, the STAI, and the BIS scale. A series of nested CFA models were tested to examine these relationships. Only one previous study (Perkins & Corr, 2006) has considered relationships between these measures, and these data may be limited as only observed scores were considered. As such, the relationships may have been confounded by measurement error. A clearer test of convergent and discriminant validity between these variables may be obtained by examining relationships between latent variables. Further, Perkins and Corr (2006) only considered the total FSS score. As Perkins et al. (2007) demonstrated, in the context of the RST there may be crucial differences between tissue damage fear and social fear. Tissue damage fear may relate more closely to fear as conceptualized by Gray and McNaughton (2000) ; social fear may relate more closely to anxiety, as the social fear items tend to describe BIS-related conflict situations (e.g., public speaking) that entail approach to threat or conflict.
Having established a suitable CFA model, the second aim of this study was to examine measurement and structural invariance across gender. There have been relatively few gender invariance studies in the RST literature; it is important to establish that measurement models hold across important demographic variables (Brown, 2006; Leone, Perugini, Bagozzi, Pierro, & Mannetti, 2001) . Further, previous studies have generally shown that females tend to score more highly than males on measures of negative emotionality, particularly measures of fear (Arrindell et al., 2003; Arrindell et al., 1987) . As these differences have been established on observed scores, it is important to control for measurement error by examining differences in latent scores across gender.
Method Participants
A total of 340 people (167 males and 173 females), aged between 18 and 77 (M = 26.06; SD = 8.03), were recruited through advertisements at a regional university campus in the United Kingdom and among employees at a local supermarket in the university area. Approximately 15% of the participants received course credit for introductory psychology for participating in the study.
Measures Trait Anxiety
The STAI Form Y2 (Spielberger et al., 1983 ) is a 40-item self-report measure of trait and state anxiety. Only trait anxiety was measured in the current study. Items were rated on a 4-point Likert-type response format, with a response of 1 indicating almost never and 4 indicating almost always. Items are summed to form a total score for trait anxiety. This scale has been used widely as a proxy measure of the BIS in RST research (Torrubia et al., 2001) . It has very good reported reliability and validity (Spielberger et al., 1983) . The Cronbach's α value in the current study was 0.91.
BIS
The Carver and White (1994) BIS/BAS scales are a measure comprising a BIS scale (seven items) and three BAS scales: reward responsiveness (five items), drive (four items), and fun-seeking (four items). Each item is answered using a 4-point Likert scale, ranging from 1 (very false for me) to 4 (very true for me). In the current study only the BIS scale was utilized. Previous research has shown the scales have satisfactory internal reliability and construct validity (Carver & White, 1994; Gomez, Cooper, & Gomez, 2005; Heubeck, Wilkinson, & Cologon, 1998 ). In the current study the BIS scale had a Cronbach's α value of 0.83.
Fear
Fear was assessed using the FSS (Wolpe & Lange, 1964) . The FSS has been used in numerous studies over the last 3 decades and is arguably the most reliable and valid measure of fear available (Oei, Cavallo, & Evans, 1987) . Different versions of the FSS, ranging in length from 8 items to 108 items, have been developed (Arrindell, 1980) . The FSS used here was the standard length version, consisting of a list of 73 items representing specific aversive stimuli such as "worms" or "angry people." Respondents indicated, using a scale of 0 (no fear) to 4 (very much fear), how much they would be disturbed by each item. Arrindell (1980) derived a five-factor solution from the FSS based on a subset of 52 FSS items. Two of the derived factors were Tissue Damage Fear (composed of 12 items) and Social Fear (composed of 13 items). In the current study, we only consider the Tissue Damage Fear and Social Fear factors derived by Arrindell (1980) . In the current study, the Social Fear factor had a Cronbach's α value of 0.89, while the Tissue Damage Fear factor had a Cronbach's α value of 0.88.
Procedure
Following informed consent, all participants completed the BIS, STAI, and FSS measures as part of a battery of personality questionnaires. All participants completed the questionnaires individually. They were informed that the study was aiming to examine relationships between personality traits. Following completion of the questionnaire package, participants were thanked and debriefed.
Data Analysis
All CFA analyses were conducted with the MPlus 4.1 software program (Muthen & Muthen, 2006) , using maximum likelihood estimation of the sample covariance matrix. In this study, parcels of summed items were created as observed indicators for each latent factor 1 . Item parceling in structural equation modeling is appropriate in the current study, as CFA models using individual items as observed indicators would have created complex models (e.g., 52 observed indicators and four latent factors) that would arguably have needed a far larger sample size than that available in the current study (Bandalos & Finney, 2001; Little, Cunningham, Shahar, & Widaman, 2002) . Further, item parcels are less affected by measurement error and nonnormal distributions, and, thus, reduce computational problems in the testing of structural equation models. Item parceling has been used successfully in previous RST CFA studies Leone et al., 2001) .
Model fit was ascertained using the minimum fit function χ². As χ² values are potentially inflated by large sample sizes, fit was also examined using three practical fit indices. They were the root mean square error of approximation (RMSEA; Steiger, 1990) , the comparative fit index (CFI; Bentler, 1990) , and the standardized root mean square residual (SRMR). The RMSEA provides a measure of model fit relative to the population covariance matrix when the (Hu & Bentler, 1999) . To determine differences between models, the difference in their χ² values was used. This difference is itself distributed as χ². Given that χ² values are sensitive to sample size and model fit for large numbers of constraints (Cheung & Rensvold, 2002; Little, 1997; Marsh, Balla, & McDonald, 1988) , the critical probability value was set at the p = .001 level, rather than the p = .05 level. Thus, the differences in the χ² values of the models compared had to be less than the critical values of χ² at the p = .001 level. Cheung and Rensvold (2002) examined the properties of the Δχ² and various approximate fit indices in relation to CFA invariance testing. For practical differences between models, they suggested the difference for CFI values had to be .01 or more to infer differences between the models compared.
Having established a suitable CFA model for all participants, gender invariance involving the measurement and structural invariance of the fear, anxiety, and BIS measures was tested. The sequence of CFA models used to test measurement and structural invariance largely followed Brown (2006) . Initially, the factor model was tested separately for males and females. This ascertained that the proposed model structure was appropriate for both groups. At the measurement level, invariance was tested for configural invariance (M1), metric invariance (M2), and scalar invariance (M3). The final measurement invariance model can then be used to test for structural invariance. Structural invariance in this study involved invariance in the latent factor variances (M4), the latent factor covariances (M5), and equality of the latent means (M6). This involved comparing M4, M5, and M6 (separately) with the final measurement invariance model (the full or partial M3 invariance model). The differences in latent means across groups can be examined by constraining the latent mean of one group (the reference group) to 0 and freely estimating the means of the other group. As the latent mean metric is arbitrary in this situation, only the relative difference in latent means can be examined (Brown, 2006; Byrne, 1998) . Table 1 shows the means, standard deviations, skewness, and kurtosis values for each of the parcels and for the total scores for each measure, separately for males and females. According to Curran, West, and Finch (1996) , for univariate normality, skewness and kurtosis values of 0 to 2, and 0 to 7, respectively, can be taken as demonstrating sufficient normality. On the basis of the values shown in Table 1 , the data for both males and females appear to show sufficient normality.
Results

Descriptive Statistics
Structural Organization of the Fear, Anxiety, and BIS Measures
Initially, a one-factor CFA model was tested. In this model, all parcels loaded on a single latent factor. All of the error terms were uncorrelated. As expected, this model showed poor global fit, χ² (20, N = 340) = 960.11, p < .000; RMSEA = 0.372 (90% confidence interval = .352-.392), CFI = 0.52; SRMR = 0.181. Subsequently, a three-factor CFA model was tested. In this model, the two STAI parcels loaded on a latent Anxiety factor, the two BIS parcels loaded on a latent BIS factor, and the four tissue damage and social fear parcels loaded on a single latent Fear factor. The latent factors were allowed to covary and the error terms were uncorrelated. Although this model showed better fit than the one-factor model, Δχ² (df = 3) = 631.72, p < .0001, overall it showed poor global model fit, χ² (17, N = 340) = 328.39, p < .000; RMSEA = 0.232 (90% confidence interval = .211-.254), CFI = 0.84; SRMR = 0.104. Finally, a four-factor CFA model was tested. In this model, the STAI parcels loaded on a latent Anxiety factor, the BIS parcels loaded on a latent BIS factor, the tissue damage parcels loaded on a latent Tissue Damage factor, and the social fear parcels loaded on a latent Social Fear factor. The factors were allowed to covary and the error terms were uncorrelated. This model is shown in Figure 1 . This model showed significantly better fit than the threefactor model, Δχ² (df = 3) = 313.20, p < .0001, and showed excellent global model fit, χ² (14, N = 340) = 15.19, p > .05; RMSEA = 0.016 (90% confidence interval = .000-.056), CFI = 0.99; SRMR = 0.012. Figure 1 provides the standardized parameters for this model for all participants. As can be seen, all parcels had relatively high loadings on their respective latent factor. In terms of relationships between the latent factors, the STAI, BIS, and Social Fear latent factors had relatively high intercorrelations, whereas Tissue Damage Fear was not significantly related to STAI (p > .05). All other factor loadings and latent variable covariances were significant (p < .01).
Testing for Measurement Invariance Across Gender
The four-factor model was initially tested separately for males and females. The results of these analyses showed good model fit for the males, χ² (14, N = 167) = 23.81, p < .05; RMSEA = 0.065 (90% confidence interval = .006-.108), CFI = 0.99; SRMR = 0.024, and excellent model fit for the females, χ² (14, N = 173) = 13.90, p > .05; RMSEA = 0.000 (90% confidence interval = .000-.073), CFI = 1.00; SRMR = 0.013. Table 2 shows the results for the tests of measurement and structural invariance across gender. The first test for measurement invariance involved testing for configural invariance (M1). As shown in Table  2 , this model showed excellent fit. Figure 2 shows the standardized parameter estimates for both males and females. All factor loadings and latent variable covariances were significant (p < .01), except for the covariance of Tissue Damage Fear and STAI for females (p > .05).
Having established configural invariance, M2 tested for full metric invariance by constraining all factor loadings to equality across the two groups. Table 2 shows that there was no statistical or practical difference in fit indices between M1 and M2, thereby indicating full metric invariance for this model across gender. M3 tested for scalar invariance by constraining indicator intercepts to equality across groups. Table 2 shows that there was no statistical or practical difference in fit indices between M2 and M3, thereby indicating full scalar invariance across gender.
Testing for Structural Invariance Across Gender
Having established full measurement invariance for the four-factor model, structural invariance was tested across gender. M4 tested for latent factor variance invariance. As shown in Table 2 , M4 did not differ significantly in model fit from M3 (the test for scalar invariance), thereby indicating factor variance invariance across gender. M5 tested for latent factor covariances invariance. As shown in Table 2 , M5 did not differ significantly in model fit from M3, there- Note. * p < .001, χ² = minimum fit function χ², RMSEA = root mean square error of approximation, CFI = comparative fit index, SMSR = standardized root mean square residual, Δ = difference. The CFI and ΔCFI values are rounded to two decimal places.
by indicating factor covariances invariance across gender. Finally, M6 was compared to M3 to test the equality of latent factor means across gender. As shown in Table 2, M6 showed significantly poorer fit than M3, based on both the Δχ² and ΔCFI. This result suggests there is not equality of latent means across gender. To examine differences in each latent mean across gender, the means of each latent factor were fixed to zero for the males (hence, they were the reference group). On this basis, females had significantly higher latent means for BIS (p < .001), Social Fear (p < .001), and Tissue Damage Fear (p < .001), but not STAI (p > .05).
Discussion
To date, very little research has considered the implications of Gray and McNaughton's (2000) revised model of RST for psychometric self-report measurement. Based on the distinction between fear and anxiety in the revised RST, it is clearly important that research addresses how self-report measures of these constructs relate to each other. Examining relationships between existing measures of negative emotionality currently used in RST research may help facilitate the development of new measures suitable for the revised RST. The current study aimed to examine the convergent and discriminant validity of self-report measures of the BIS, Trait Anxiety, Social Fear, and Tissue Damage Fear using CFA, and to examine measurement and structural invariance across gender. As expected, a four-factor CFA model of the STAI, BIS, Social Fear, and Tissue Damage Fear showed the best model fit. The superior fit of the four-factor model when compared with nested one-and three-factor models, supports the notion that these scales are measuring distinct constructs.
In terms of relationships between the latent factors in the four-factor model, the STAI, BIS, and Social Fear factors tended to intercorrelate relatively highly, suggesting they are strongly related constructs. Social Fear also had a strong positive correlation with Tissue Damage Fear. BIS, however, only had a moderate positive correlation with Tissue Damage Fear, while STAI was not significantly related to Tissue Damage Fear. This suggests the BIS and Anxiety constructs are not strongly related to Tissue Damage Fear.
The second aim of the study was to examine the measurement and structural invariance of the four-factor model across gender using a sequence of nested CFA models. Initially, measurement invariance was tested. The results supported configural invariance, full metric invariance, and scalar invariance across gender. Having established measurement invariance, of interest for the current study was the examination of structural invariance across gender. Factor variance invariance and factor covariance invariance across gender was supported. The latter finding suggests that the interrelationships between the fear, anxiety, and BIS measures are relatively similar across gender. The test for equality of latent means across gender, however, showed significantly poorer fit when compared to the final measurement invariance model. An analysis of the relative difference between latent means showed that females had significantly higher scores on BIS, Social Fear, and Tissue Damage Fear but not for the STAI. By controlling for measurement error and demonstrating measurement invariance, these results provide solid support for previous RST studies that have shown gender differences on measures of negative emotionality (e.g., Carver & White, 1994) . Perkins et al. (2007) have suggested that in the context of RST there may be a crucial distinction between Tissue Damage Fear and measures such as Social Fear, STAI and the BIS scale. The current findings do tend to support the notion that Tissue Damage Fear is different to the constructs measured by the STAI and BIS scale. This may be considered surprising in the case of the BIS scale, as some of the item content of this scale would appear to reflect fear (e.g., "Even if something bad is about to happen to me, I rarely experience fear or nervousness"). Nonetheless, the BIS scale tends to contain content related to the affective experience of negative emotion, rather than sensitivity to specific aversive stimuli, as the FSS contains (Carver & White, 1994; Torrubia et al., 2001) .
Overall, it is suggested that future research focus on the development of new RST measures that incorporate the Gray and McNaughton (2000) revisions. Current self-report measurement in RST research appears somewhat ad hoc on the basis that existing measures, such as the Carver and White (1994) BIS/BAS Scales, were developed in the context of the unrevised RST. While the BIS scale may be adequate for testing some form of higher-level punishment sensitivity, it may not be able to address more specific research questions related to the separation of anxiety and fear in the revised RST. Indeed, Carver (2004) suggested that the BIS scale may need to be revised to incorporate a more diverse range of processes related to threat sensitivity and avoidance. The use of the FSS as a measure of fear may also be somewhat problematic as, although it appears to be moderately effective in this role (e.g., Perkins et al., 2007) , it was not designed to be administered to the general public (Arrindell, 1980; Wolpe & Lange, 1964) and so contains some potentially embarrassing items that are inappropriate for a nonclinical population. In addition, it would be preferable to have a specifically developed scale that incorporates the recent changes to RST, and is capable of distinguishing approach and avoidance of threat.
The results of the current study should be considered in the light of several limitations. First, the study only considered self-report questionnaire data. It is important that future studies examine the differential relationships these self-report measures may have with laboratory and realworld tasks designed to operationalize key facets of Gray and McNaughton's (2000) revised RST. For example, it may be possible to examine these differential relationships using one-way avoidance tasks (FFFS mediated) and two-way avoidance tasks (BIS mediated). Second, the CFA models tested in this study used item parcels as indicators rather than individual items. While using individual items can be more informative when seeking to examine aspects of an individual scale, in our case we were primarily interested in the structural relations between the latent traits. Further, it could be argued that the sample size in the current study would not have been sufficiently large to examine a model that contained 52 observed indicators and four latent traits, particularly when the sample was split by gender. Third, it should be noted that there has been some debate about the proper sequence of steps involved in testing for invariance (Byrne, 1998; Cheung & Rensvold, 2000; Vandenberg & Lance, 2000; Steenkamp & Baumgartner, 1998) . Nonetheless, there is general support for the basic procedure for testing invariance that the current study followed (Brown, 2006) .
